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(57)Abstract: 

PURPOSE: To heighten stability to disturbance by performing 
the feedback of the operating quantity, correponding to the 
deviation of the quantity-of-state such as the inclination of 
an actual robot to a model, to the model at least so as to 
correct the behavior of the model at the time of stabilizing 
the attitude of a model trailing type leg-type mobile robot. 
CONSTITUTION: In a biped walking leg type mobile robot with 
six joints provided at each leg part link 2 forming each lateral 
leg, each ankle part is provided with a six-axis tension sensor 
36, flat foot parts 22R, 33L are provided at four corners with 
capacitance type grounding switches, and an upper body 24 
is provided with an inclination sensor. The electric motor of 
each joint is provided with a rotary encoder for detecting its 
rotating quantity, and the output signal of each above- 
mentioned detecting means is sent to a control unit 26 to 
perform walk control on the basis of a model. At this time, 
the floor reaction target value to be supplied at least to the 
model is corrected according to the inclination deviation of 
an actual robot to the model. The walking form of the model 




is then corrected in such a way as to satisfy the corrected floor reaction target value for the 
convergence of the inclination deviation. 
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r^wj tesHB. ntra**-cB&<> jttawsoB* 

[0 04 5] SfcZMPgHWlitfCOOTB. — *£<T£ 

©zMPSs«iii^'^^-f «Tn^*^$n 

gP^6ZMPgm^fiKSfJCC-^x6n. ZMP1M 

ii£j?X2ittc:te<,>T r;u* AK&i$R8©^©{ia#s? 
aj;*fts„ ±f*2 4©{ig • ^kootb. zmpi 

JtM?- ** t L?*J9ft^*MapaiKcaatti* ft. #ff b# 

p y - * tez&®<Dmsi*mm-r a *>©£ 

[0046] ^t^r. «H^*7^wc*rr&^n * h 

©5S?*©1«£ ft <SH0 err iftjf g«IMa>err ^iWf 

£#*6ft£ft6B. £»©«»« (ftSJK) MSB. 
±(*2 4©M#ft (ASK) «arRaLrao3EAft 
c\ &£i>Bai>fii8©-$* ft*fflt»r4>Hi>. ) . 
[0047] Ctl^SttMil/t. Cft6*05CiR^ 
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(WB? a - ?m) b. ■=&->> h©'X7c-c^ta 

3ftr®lE»T-S8i(j^j^7 r ^©3t*CC#^.6ft-5 0 C 
-y>hMndl iPfA. Mmdl B. ©Slfig^MSft^* 

ffi^mmjj^rMt, Mmcn tfltotcfM-rsafc© 

ft 6» nidi £-e©ftjtga>mdl ©*ttB. «*©tttti3£ 
10 jStCflJjt 6ft* HMmdl **tc«*»mi3ft 

s. 

[00481 111 1©5£(CJ:<3. ±(*2 4©xS|SlOf 
ftAx*^Sf>e>ftS= fib. h trunk B±#2 4©SS 

(<fc«5iEffifcaiJSi-r*i«\ jE&»>6Hn8fi <d *-c© 

KSS) 
[0 04 9 ] 

[til] 

A x = 0mdl X h trunk 

[0 05 0] cuff* h »ffl^*? r JU©±tta8B. 

20 ^'5- ^ - $©±f*(4a x «c a x fcftfciaafcfgs 

3ft5. 

[0 05 1] ^tca^fcifiieffiSBOfcSfflS-Cfflt* 

e>ft-5)3>^'7'fT>x$iiwccfc^r. zMPa^{±a 
^ftO©j|*S^;*-^> HMact ici&Dr, aii^ 
©JS¥ffia-3B»#«iE3ft. ztxtmw^ffiwcs. 

H*>tx6. m9-cm^t>tl-Cl,>&mffl-etZ. Mact*><=. 
ft|g^0ctrl*s^4«>6ft. ^r7-"JU©S¥fi[a«, -t-^ 

> havttasfisapr^ssfts^s^soaipaa* 

30 ZMP 3*ffiB*ifi'Ci>£ OT(EGBHcMMAft^®^^ 
n ffi^iue3-i±6ft*„ cncccto. *n*-> h 1© 
sg»ffl*©*tt«. <«*.«. ZMP@g(4S) 

*3t*iu, X*«cj**»6«*{cJtWOfcJ6RS**-y 

[0 052 ] «±«CJ: or^cJ*6ft. «E3ftfc±#ti 

^^^©SBBseo^^A^fts. n. cop>k? f 
ttB-r^rfts-c^jjisft*. noijf^ h ^e© 

SSHSP^^-f-Aj&JfitA^ftS. 

[0 05 3] WlOi'XfAKte^t:, R«fi0err 4 
cuerr (CfECfc^^UglfP^-y > h Mmdl *P#9 h 

WrtttWOfcl^ffifCio-C. 0err icoerr ^OtCJR^ 

[0054] cct. S9{c*st,»r. msLm^-mmtf^ 

*f r ;UK*f ; Jl'Hlfp*-^ > h Mmdl *iflnft->r. 
50 Jl/©(®^0mdl i-t© ft agcomdl *5d35:£ (Bfit* 
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T\ 0mdl , comdl teHflfc-rS. ^Ct, tKSffiflmdl 

. omdi for. or, ■rXoj&mmm&m.ztctemmz ■< 

ZXf&gZWfZCtiCjZr.Xdmft . comdl ©jfcffc* 
[0 0 5 5] iC5t, gfg^gCCfcW (C 

t. X<D—& (ctt£ r^2^j in?*) ©fflafrr- 

m#£?£J&2#§©^W* s ^iIMK&£. * 
[0 0 5 6] 2DW«iii«WMig^XW**t4a^<t© 

js^mwiv* 5 y - $ ©—3 -c* & Biswas* - a x 
foottotai m-fth?. ^2^§©±(*iiji«-e©* s 

il. ^©^OtCOllLfl^Mttl^^f 1 ^©^^^^ 20 
mdl A x foottotai/ h trunk /cW"f6"3~„ C©$§ 

ttl3U&f3!iMj3s* ^^©tfcfigfi© — 3-c& £H£#ft 6» 

mdl £ - x foottotal/h trunk AfWJSfW SCi 
[0 05 7 ] ±.Mttffimt U ttTH 107B--?t 

*f* jUI t 7 )\> =»" y x a £ sii S . 

[0 0 5 8] 5tr< S 1 0 {CtetiTtM^a&T-M*^!/* 30 

zi)mB>&®-cm i mLtcmm&mctj:2 > £-c. s 1 4*> 
2 6 cct, ffls*ix©««cje«r 

So 

1. -#©*#§«. M«i^:f#w©ws?)A^^©^w^» 
ii-rs*r©^*jgfo 

2. *44l*S©^«li«. *©#S©K-*3a#W«:3S: 

3. ^©sm^s*. -e©-*©^f^i«i©js¥«ia^ 40 
iciscii-rs. 

[0 05 9] S 1 4"C«^-|5]©*S''^^-f ^-fey 
U S 1 6(Cjt^8ii[5]©^©^iEa©»ia(4S<tH5 
H©*£g©g!S>£g:©»tik{fiB<!: ©^£iwfe Ltc A x fo 
ottotal in. ^t^T. S 1 8 K.m/u~C-$\M<Di&&<D 

mmtnMMmGLmfr h a x foottotai u . s 2 0 

«CjI^®fiJfT-M^7^©<ia3;4ft0mcfl #>6. Axfo 
ottotal /h trunk /cOtM#TS<, 
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[o 0 6 0 ] #t>-es 2 2(cjt*. — ^©•t^>^';> 

^Ig]^cWS2 4iS2 6^»5igt-. BP*i. S247? 
1 JlJW*««jtU/cC <h*88l2l,fcf£. S 2 6 iCMA,vm 

[ 0 0 6 1 ] m 1 1 (s-eMiL.. 5t-rs 1 0 0 (Us^ 

TllPtf v r©®S4£H-i»JU 8iHBlyfc«{C«fsI**^ 
;KC^-rS^<S#««M0err <fc«£#iI&<IMcoer 
r SrifcicX S 1 0 2CC^T-?-tl6^e>if5eL.fc*7 :: ^ 
^{f*-^> rMmdl S 1 0 4 KjlA/T-Mmdl 

ft0mdl iftitgcomdl £3?at>£. -X^VS 1 0 6(Cjtt 

^. miiau/ts*^e.±i*-rnAx*^©iai<*i6. 

S 1 0 8{t^r#ifcgr<;cB$fffl©4M£#*ft«. ®i£ 
^^^©^i&^^i") L,-C#tt&@H<agA5 y - * 
©i^IESA x foot£3?is<\ S«#sS©#ifc@«lfiS>'<5 
^-£K:Axfoot£fln#¥U #tfeS#(iS^"7>-££ 

[0 06 2] cn{Cot^r«5t5c4>a^/c*^ MCCffcfif 
fSi, #it!!fia©^Hfi(i. ^©-^©BBK. 
.^f»^*^;U©ffl*ft0mdl <hffi£.ftjtKcomdl . 
feet O'&H^* fVl^ft-T £H a # » h ©« £ mm d er 
r <hft»ft3£(B££a>err ifi> KZ^-K 0JCiR^-TS« 
(C^S-rS^^T^S, -e©fc«>&C«. 0mdl , wmdl 

, 6»err, ©err tt<b*©fl«Ett3B*»6. #il!l(4a©^ 
H{C<fcO. 'X©— ^©ratcemdl , comdl , 0err. co 
err ^i©«l^^ttl>&^-r*^iiS.iJL ScWn«tt 6tt 

[0 0 6 3 3 0 err icoerr W C ©^CD1S*/Ia(c J: 
■or 0iCiR^-rS©"C. -^^IiJfSS^fiTTS^. 6» 
err icoerr ©^Stt^^MlL-r 4)^^CC»„ o£ 
0> 0mdl <*; comdl ©^^/cr^*>e>^a'Jlt^U-C# 

Siffit^ii^iaiag©^!?*^©^^*^ 5 ^ U 
->3>(cj:i)7i, ^torfct^-c^ H^©^fffi5F«cc; 

[0064] 6 mdl <b comdl ©^iEK^cl-t^'=.#ift{a 

©©^sa^^-rs^iL/rtt. it«n#» vtmz 

[0065] #ft6Bra©^i*^^aiJffl^iEAZ:^©^ 
x^il/^(c— gcTS/cJWCtt. ^S'J3tiS*J«!itf*© 0 
mdl i comdl 1fi%L 1 2 ©SC?:ilS-rS1i(C. g«fi{igd5 

[0 06 6 3 
[«1 2 ] 



(8) 
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14 



1 

• I • <ymdl 2ssc mg h • s in (0mdl ) * tan (0mdl ) 

2 



[0 0 6 7] itc s iaS[ttJ!i«:ifi^i»rc»</c*ic, e 



* 



0 mdl • (wradl ^ 0 



ftl 3©a«r»fiL/tt»titftt6ttt^ 
CO 0 6 8 ] 
[«13] 



[0069] ftl 2jS, 

[0 07 0] 
[ftl 4] 



V 



/: 



2 m g h 



I 



sin 



( flmdl ) 'tan (0ndl ) 



[0071] si 4^5ra(H-rn«. 

[0 07 2] 
[Ml 5 ] 



&1 5©5£#»6 



ft) md 1 = — 



V 



2mg h 



6 mdl 



[0 0 7 3] o^O, TMSftSOSattOanKfl t0 
mdl &©ibW, ft 1 5SrS»6ft5tttCtt4«K*ifc 

IEUScC*»^<0^»J3tlS*»iBa©a)mdl <t<9mdl 



SlllSg^r^aECD co mdl , 0mdl , 6 err , coerr 
*6«I**«i)tCC<fc0*«)SCi*«r*. -t*i*a>mclle 
cbflmdleif (WCC, comdl *jJ:O'0mdl dClt^X 
0 err fcj^coerr aW)B»r # Sli£Vh3 ^fltefctt, 
WWW«cSfS«:*a>*C<t3&«-C*S. ) o SmdleSrcomd 
le/¥#« (2mgh/I) K«iEr#*itf. ft 1 55$: 
^ftSt^c ^<D/csbccte. #flkfia*A 

20 xfoot/cC^(gIET€>C i^Cct^r, 0mdl£-Axfoot 
/h trunk ^WW5Ci«#5OT, #itt(4aig 
J£MA x foot£ft 1 6 ©SJ: 9 »n«S^ fl 
[0 074 ] 
X [ftl 6] 



9 md 1 e f ct> md 1 e 



A x foot : 



h trunk 



f 2mgh/l 



[0 07 5] J£Lk©lf K. #»(4Si8iEaA x foou&*& 

bi, mm&nA 92-0493) zm^x^s-eti 
#taaaiig©^ji€:if > rt > ?mmmicft'> c 

•C©g|OB#|ffl{cic:i;-cil«iE©nIIIRSWS**J&. 
^*fJRgfifi <h Ur(giES©^t^CC >J 5 ? r£*>W £©# 

[00761 H117B- - + - F-CCbOTtZ^r 

s 1 1 0{c^-czMPasfiiiM-^y-i?3!»e>zMP 

Sfl(tta«*HiU S 1 1 2ic^-C#«feg«(4S>'^ 
M - Zt£ £<D%¥%m'*5 * - £ ^6ffiS^©(4g • ^ 
f*£»tHU S 1 1 4 tCji^S^g©±«w(4g(C 0 
mdl <!: h trunk ©»£Jra#0fc{4g£±f*@tg{Agi L 50 



r^e JkS¥fcjE«: £2>-3>7'? -r y > x frfiai* Tt -5 „ 

[ 0 0 7 7 ] m 1 2 tt^-tl^-rtfT'.M/- > • 7Q- 
•^•f-h-C*0. 5fc-TS 20 OtCfe^reUfctj-te:^ 
3 6©*$tHffi£&*)iA.& 1 S2 0 2fcl3iA,-e-5-tt»>e.Z 

©. S 2 0 4 {Cj^T'^©Jl{CJ^|5Its£l 0 ctrl£# 

tH o . s 2 o 6 (c^t^©<B/cwMjs¥©ti!:g • 
R3 ob) (c#jffl{cji^e.nr(,^©r. ccr«c© 

gJg©|ftH^( C ±*S 0 
[0078] ^t^T. SI 17P--?t- hKRO. 
S 1 1 8 «ca^-C±»B*fi« • «^i<8iE5n/cS^ 
{4S • «i^6&ffl^*7\»U©B8g0S{a£;}?«>. S 1 2 
0 Ccj*A.-cHa *' ^ h ©Mffi^fi^fsre*?^©^* 

[007 9] c©HMW«±ie©ira< . ^ffriczt-rz 
mcc, sc^K-r^-rzMP^r-t^^-eniL 



15 



[0 08 0] SI 3«C©^©S2HSS^^-r^u 

WBtfiWt-^^HC, fr/c.ct©l:£^-y-*7\iu 

[0 08 1] *fc»2^«rtW(C*jc»-Ctt. fMSI**^!/ 

4-hV<?d'iNHl (S) 4aur»6tl4StS«*flMS 
*IJiSPS**l]'iatSMerrchid (BH^. Merrdnd= H 1 (S) 20 
0err ) i. lilAZfST-^f^©!!!^ 0md1 £7 -< - h* 

;*y>7WiH2 (s) ^jiLr^en-s-tf^^Miffiriais 

5}c$irta)fiMmd1dmd (BP%, Mmd1dmd=H2 (S) <9mdl 

) * >; s ^ *fc«fctf#ESKaor£*--.rf> h»ft 

SMactcomm i -t^Jl/*-^ > h JgfPSMmdl CC^iet" 
5®cifc„ 

[0 08 2]HUK'JS? £ *i .fcCWHES*^*. C 
©WC*5l,>-Ct;t. H*-^> h SfPSMactcanm «. M 
errchid<b MmdT dmd©?a (CV S "^^WSCiKi-jt 

ta>e.n^. c©y s ? *>vmK.&.*) ^ na#^ kdi^ 30 

[0 08 3] -tTVl/^r-^ > M&^SMmdl K. Mmdld 

j3¥*7)lslCAt)3txZ. Sfc. ZMP£ft9©#PRJ5t 

flijCCJCoT. {Rg^--y>F7^-FA.^»i 40 
0compa*5j<a6'=>ft&. Mactcomm i3>7''5-f7>XS 
£fcKcomp©ffl&05fcJ5;Jj*-;0 h 7 < - K>< „ i'fgftS 

fts. aN^^KoaTfiaBtt. s«a¥«ut^ssp 

■C£»S«S ft*««#S©JS¥t4«* Z MP 

1 

• I • co rad 1 2 = m g h • s i 

2 
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[0 08 4] h©<8# Affile err ©*£8b£& 

a-T-2.4>©(*. ZMPSt)»3©ll)*JS^J*-^> hMac 
t ttm-^> rf&PfcfiMmdl ©g-C&S. tC5 
T\ =J>y7-YT>^$lJWi-^(CS6^Wn«. Mac 
t «H*-^> rtgftSMactconro {CliiS-gcT*. fit 
or. C ©*§£•. SO*, r©«i*#filMeerr ©*£»> 
^a-r-5 4>©». Mactcami iMmdl ©i-C*4if 
•5tim>. Mactcomm iMmdl ©M«. ATia'; 3 
#flk>T T4>S&CMerrdmd<t&S©r\ &f5J 
^^UfcSt-TSIIU'-Kf r©AS£#(IM0err *0(C 

[008 5] — 2j. *^U©(«^^0mdl ©3£S&£&a 
■TS4>©«. Mmdl Mmdltt, ffi&*) 5. v Mfi 

£ 0 CciKS? 3 HZmfflifijE-fUlcm < . mile y 5 ? *#flfe 
(,»rt>*4*(c«. ^H^*^juc*f-rsiln*' ; > r © 
«#a«l&eerr % 0 ia8.%l$i£Zfflffl*&ftUtc± 

r. pi^^iufflr^f-ju©^^ * o tarns -a- J: 5 iff 

ffl"T-?>o H«C, MerrdmcWS'; 3 w ^^^ffi^CtL^r MA 

©flStW^ffcOJ^i-f SCi€>*S. Bn%. Sla^'y 
h © Z M P **??ffi5rt&«i£0IRS* St* /c^tS*i & -5 1 

#7 h^f5i^*^u©^^#<flsnr«i®i-r^„ o 
[008 6] ccr*. ©jiiJg^-^^ucd^ftiiffljy-o 

[0087] 
[^17] 

Mmdldnd= - K <» • ft>mdl - K 8 • 0 mA) 

[0088] mmmtiMfr*. m&Km^^,. ^.tc* 

-^>h^tti^-r. 7 •j-*a«j*$-SS4^tc. its: 
t^-C#±-TS/ci64C«. 3HS©^x^;l/+-A5itS:fl?± 

[0089] 
[ftl 8] 

n ( ^radl) • t a n ( 6md\) 



[0 09 0] $/c. miLW&<<C&rK*'C^< tcisblC. co 50 mdl £0ntd1 *JjKffift-e3Q:W*l«35c6ac^6. i419 



(10) 



17 

©5££iffi£ o ft tttitftt e. ftt>. 

[0 09 1 ] 
[ftl9] 

0 mdl • airodl g 0 



* [0092] 

So 

[0093] 
[ft2 0] 



1 8, 
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1 95£<fc9. ft2 0<05$£» 



(Wind I 




2 rn g h 
I 



[0094] 
[0 09 5] 
[ft 2 1 ] 

<y mdl 1 



!2 0a*ilrfilTtt2 i©a*»4. 



2 m g h 



I 



0 mdl 



[ 0 0 9 6 ] ft 2 1 StfciftSOfcttt*«:*ti«> 

M rad I drad = - K o> • <y rad I — K a> 



s i n ( 0mdl) -tan ( 0mdl) 



aatt«r»±r*. fto-c. ft 2 ia*tft£ 

10 ■T-Stfct|-C*T : ^f / P ; e-y> hMrndlchKt#0&Cft£« 

«JC«ljR3-i*4C4*»r#*. COSWcWaWW-Cftl 7 

[0097] 
[ft2 2] 



n 



2 m g h 

v < 



0mdl 



( fc fc'U K to tttt:£(DIE05E#) 



[0 09 8]il2 2S?:iSbtUt4 > . Ka^^W^ 

7 - F^'? ?;u-:/©1$14fS#:fi©3£ft 
CCft£C fOfcfeKti. K&>»^©ft2 3SC 30 

£^£LftWfttfft6ftC>o 
[0099] 

[ft2 3] 

K<u2s (2 + 2^2 )^mghl 

[o i o o ] ft 2 2 ift2 3®sc«rSijg-rsa{cy^> 

actcoom ©Iftttfflfc/hS < 81* 6*1-5 ©t. Hn*'^ F 

[ 0 1 0 1 3 m 1 5 1 7 «l£2 HJSi?!|(DfiHj»£^ 40 

f7d- • ^ + - h-C&O. ^%I15ttS300iiP6 
S3 10K>^> - ;l/-^>£. 01 6«S4 0 0#>6 
S 4 2 2 tc-e©^S»fc J:0'*iJ®l©if 7" • ;l/-^> 
SI 7(JS500*>?>S506«Cf©3>77-/7 

57Q- • + - FtCfcl^TS 3 0 4 iS 3 0 6 £<DR8 

«:,*» i mmrnom io©si6*^s2o icta^-r -5. 



So 01 6©^^H^c*3cfcD £ *iJffll-y-7';U-^> • 

0 2*><=>S 4 0 6*JiIftl3ft.5£ft(C. Hi 1 SUfe#|CD0 

1 1©S1 0 8{Cffl^-TS^f-f *fc 
0 1 7-tJ-7;U-^> '70-'ft- hCC*jt^r«S 5 
0 4©ffi«msft©iSJijfCifeKidS' , <3t«K:. Ha*K? F 

fgft-t- ^ > h Mactcomm (C3>7 , 7^7> X^ft K co 

■p£sii;fcfc©jWnj|t3ft*. ft, js*©«Jj$«. mi 

[0102] &2^fflt2&¥®tltiff^V*&Sil9'C 

*sci*6. i^m-^?Ro'5©± *#frr s <t s* ft a- , 

»«&{4g#8H|ift 3 ft S BRKWKjff * 5 . 

[ o i o 3 ] m 1 8 izc<D§zw<Dm3 m&mzTn-r^n 
■??mv&2>. * 3 assure.*. «s»?-*^Ko«Mt4 

WK*>l»r. ^lHSfi0ll£^2j|Si0!l©*iJ©*#fflL 

[0 104] HS3*j5iWc*jt,>Tfc. #tfe{i§^#iS2 
* 5 > *^«#IM»B^i«MmdichidK:«i:»). SUHB 
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s.-tzy-t^) £i£jiirnB. ©sag^--*^©^* 
^¥^itS:B#©^x * ji/**{c— g; or c >s i ir cc b. * 

7\>UM£ f|HJ©g5f?iMtS]ffiMmcn dmd# 0 (C & -5 ©T? . ^ 1 

<j>±x. * >i>*f^®m&m.±m<D±x. * ju*'«:-gc-r » 

CO 1 0 5 ] W 1 9BSI3IUSSW0S 6 0 0#>£S6 1 10 
6<fc9ft£;<W>- •7D--ft-h. 12 

OBS7 004>6S724±0 ft -5 -£©sgS£iftm *>"<*: 
•WP*^*- • 7n- • ^ + - K 132 1BS8 0 

SiWD-e-fti. 02 1 <DV~7)l<-?-> '7a-'ft- 

5-7 - s7 i 2 #jt^3nri>5£rMft &©<&-?* 
[0106] &3£il0i|©*B£. mi£<Dlm< , «:£»?■ 
mWfLicZt orB£cc«:£®-?-*f s JMc •*--,>< > h £ 
g*>#itt * ^ 5 > yzmjEtzmwifim < ©t% si 1 n 
©^»6^>#3svhs<«cs<i:««:. guju&t&i. m2mm 

«J:0 4>3c3eK**-IBl«Lh-r*. 30 
[0107] H2 2BC©«W©»43USW*jr-r^n 
•v^ar-**. Si -c©^JfiPdr«. ntf* 
h©*^4. «i»*«f3ft>6©±#ffi«8f»^«:jPWS 
tt^^^i. ±f*^£¥{£g<hlWKi5#©|I3<&£il^ 

i mmmtmm— mmT&z. 

[0 1 0 8 ] J&4HSSWC*JC>-C. i&SB. ZMPBi 40 

as. *jiows¥©{4a • zmxmmz ns. i^jst 
©{ig • ^(cont«, — ^&c<^:©£^»lit;^•7y- 
B. -£C£©ZMP@«l«uI/<7^-**:s. AJUlftsS 

s^wgqA^zMPamii^iSgpcc^en. zmp 
m&nmztiz. ±<*©iag • ^mc-o^xit. mim 50 



^§8^5-3 3 7 849 
20 

mmftt.* umsmmmxit zmp s^«iii*iiat-s« 

(C. ¥&*7?-<>X{%f$,$tltcm&Vl7 : --5tLX* 

h©&f5J3* • sbt>^ ^ r * ^©MS^P©^ 
g-5£i$. ZMP@«fijil*jJ:O*ZMP@S{4g**D0 
©■=e^;u^*-y > h£»c. OTiidiJ ak:£.j£;* 

[0109] UI4||SS0fl©Ptf:> h*f*JH?tt. PaJE¥ 
©&g • g&t*. JE¥$li^^SI5A>6^*6ftfc;E¥© 
{4g • 5gS*£<KffJ!*cflg£H!t%0 ctrlfcWffiW&Stt/c 
&g -sSl^t^&iSftS. a*';- htfjl/tiJ, ±»© 

tta-^, zMPsmg^^smjs**-^ 

mmc&fflB<D$£mm#>t>tlZo ft. Mmdl #0©£ 
ttCB, P#'> h*f;WZMPfiSJZMP@Ml 
CC— ScT£^ Mmdl #0 "Cftt^i^GCB, ZMPIg 

PIMSHa^7 h ; ef;L-0ZMP(4g-C{J^<. a 

htf^ozMPasu. zMP@&fiigjfri=>-r;f-i 

[0110] ^^©.ERffiKB. *6«>S^J5^*s* 

zMP*mimz&tsa>ha&PiB*:mx.xt>> mmm 

i>) ^©i^-5. C<Dffilcmiz.-fz>Ctt,CJ:-?X. 

h ©^j5RS^j *mft-r s fc'wt b^f nj«e r * /c^c * 
^-e*So Ha^^hB. ragp^(4©^^c6 

^©^J*JS^©)*ft^|aI^B. ±(Sl* <iE) tea* 

[oiii] S4HSS«ai«:fc(r^rB, ^Wsg»*iJ®iaJ 

BZMPa^fiii^i'o^^N-^^-^^^-r-s,, m 
i*>e.S3 mmmx< l zmm&&&&&-? z<dx . 
^^©■reos^s-rs/c^-c^tjAi. ^4iD!i^ 
ccfc (, >r L/ % c »©r . $g/< ^ ^ - i» 

B. »«HM»5jU:P#9 h^cftasftft-^a^ 
I cne>©vi7 uftt^ffia/'cBd^lf *©^ 
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[o 1 1 2 ] m4Hifi^©pd<-y h«c*jt»r{J. 

«lCC4-?fc4#©#l8*«. «tftS§Lb&£Slrr*C 4***0 

m<Da#v h*SiSii-c^tf-r-5>lS^ (fflxtf. 3 km/ 
h&4) «ctt. *»©^jMfc«-C*&<ft9. 44fin 

[0113] 12 3fctl?S43lJ5S9&I©S 9 0 0#>6S9 1 
0 &*)tSiZ>*4^ ■ ;U-^> • 7D- • + - h£. 0 
2 4«S 1 0 0 0*>e>S 1 0 1 4 £«5&-5-?-©^f9gtS 20 
*3<fcO'»-9-7'^-^> • 7Q- • h*. 02 5 

BS1 1 0 0^6 S 1 10 6 «fc«5&§-e©:a>:/-7-f T 
>^*J®1f7'^-5 : -> + - Y*m-f. 0 2 

n4i5jn-e*& 0 

[0 1 14] SUHJfcfl&ftcfc^Ttt. SUHj5SWcJt"< 
7c-r£c4#r£S„ 30 

[0115] 02 8ttC©«jH©#5*»t«l*7j*'J-"3'n 

*0-c*s„ c©^{c*ji,»r^W^*iliaiSP«& 
^cc^s^c^ff Ain^-ct &«(cr€3 ntc-mom 

[0 1 16] JB53(E*«{C*j«,»r. a*"* h©^H^- 
Irt^tf^iltB. Sltf^iS2 ; fcf^©2o 

#<i*e>tt£o sfn^f^ii^©*?^©^**.® 
». mifa©^-s!)g^3^fc-a©^©»)Wtfc®tc-a 

*Ht*i#;l<&*i. ZMPB*IWtt*«STS««:±fHll. 

# s m cc kse s tut— ^^-f^tt^mor 

u&©-e. ^1 *x;u©*tt«. ^©ilO&I^CfPS-r 
&„ ^2tfAiC(i, a^S^Pidiii ZMP fiiltm- 
(C. 1$ 1 * t^U 4 f?l 2 * ^©i&lig©^ £ 0 taR3i 

s-e^>*ij®©^fi<!:. 9Zfr*,tma#v v<Dmm 
&m.£t> , oic*:-s> h 4 orttix.6n-5. so 
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[oi 17] jB2*f r A«c*rrsjio#» h©<s#nffl 

S0err £ P D &4©7 •< - v 9 »JH 1 ( S ) £jl 

1 *7 r JKC»-r-5^2*7 ; JU©±[*(4gm?:-7 F 

't)'?MH2 (s) ^iiorff 6ft-&*7^±ft{igiW 

t®l|3|SSlIt0SMrnd1dmrf5:^2^SSFllrfflt»/c<t[5)^ ij 
5 ■> ^fccfcO^ffiSSrilOT. H*-y> HJ&PESMac 
tcomm 4^JU*r-j<> M&ftSMmdl (C^ffi-rS,, 
[0118] ZMP$*)«5©H)5i5JS^J*-^> hMact 

Mactcomn 4 3 >7'-7 -TT>X^^tKcomp©»CC^S^J 
^ > h 7 ^ - F '< f * tgfffi 0 cotnp^tin A £ C 4 CC 

^>h©£¥(4sw. mm^$kM^.f&^v^M s n s 

[o 1 1 9 ] mi^Tr^tm^^Mx. m4mi&w<D 
-eniiB)— r-fti^ fiu ^ i ^r^Kcti^e^i/^e-y 

-CfP6Sr6«. mi ^r^tCA^Stl-SMmdl 4 0ctrl 

j&o«cl-t*jw«^c^ 

[0120] 02 7«fH5HJ&iFd©S 1 2 o o*»e>s 1 

2 1 0«fc«3^S^ • ;U-^> • 7D- • 

4. 02 8«S 1 3 0 0^<=>S 1 3 1 8J:»)i&-5-e©^ 

029«S14OO*>6S14O 6 J: 0^c2>-€-©3>7' 

•^•p-h^-r. »2 3iJS^©-en64««(H]^-c* 

[o i 2 i 3 m2mmmvte¥ib±f*im&£}&ztir 
c»*o«:*tL. »5*»«rwa«zMP*ji*Ma-r 

t^fc*. ^^^b*ijtai©ffia7!>^< , -t^jKD^ 
< mnx b®.7t?z> ctm s. 

[0122] 03 0teC<D&W<Dm6mMmZnk?-7a 
1>-C. 043S5fi^4m53|]5i^l©$ir#*ttfflU/c„ 

n*6Wc*ji>r ». ^2 ^f>v<onmibm.^m^&s.ti 

[0 123111*^13:, *S©WO^tJ»)g{C*jC» 
T. ^2*7 r ;U©«SlK^t)-a-S — $CT4© 
^©Wfejc^l^ccm 1 tf^OfiJMI^SBtf 



» 
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©{®£4-f n£<i£iEL J: 9 1 Lxm2*? s )MC±itftM* 
■t-^> h*^ffl-r-5<!: > JH1 -tT^l/iinZ^JKZ)^ 

o Kiixses # wisitf+^^-r. m 1 

^ m z>m® vm{*&.ifi&mic%. ffcr s &n & ©-c . 10 
* l ^efvu <ti& 2 j ef s >u©$»r*i* 0 ociR^S mm 

[0124] !M*JSWrW^]£ttJm**3Sci!K? h 

(cfln*D?,c<hccj:or. ^^KOwttfe^wettW* 
6HssF»j-e«. — #©ra. mz^fMtmifriwm 

teHn#* hCcflnto£{*SL©SJ3P ; S:Stt&i>©-C. 351 

*. memmmv^ jfujisswcjt^. 

-c 7^-5? «r»fW 2> C <b CC «fc ^.'S^^f bfPffl 
**J:fJllE*K:»< cii«:5„ 

[01251031 tt!fi6J|J56{ai©S 1 5 0 0#><=»S 1 

03 2(iS 1 6 0 OfrhS 1 6 2 0 J: 0 ft ^<D'^W<% 
ms&WmWV • 7P- • K 03 3 30 

«S 1 7 0 0#>6S 1 7 0 6 J:9&-5*©=i:>:/^-f 7 

- h-e&s, 

[01261 &6£tt0KD«£tt. #43S*WCJ£"<. 

[o i 27] ». *6$sww-ct*. !Bi*7^uiSfr2* 
l*7 r ;Ut^2*f r ;i/P*^ KD(S#*0iciR^3-tfS 40 

tstcsr i ** t *cc»ff*-y > h zmnzmmzmrL 

<t. i^O&g^TtlT^l^^JK^^^flSndC^i 
Sift*- ->< > h £JJD* & £ 8 «c W|51B#{C#lffifi[g% <!: © 

tcmttz. ip*. #ta*-c©ffijp^?s*s^< 
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[0 1 28] StC. ^5. ^6HJSWc*il»r«. Sfcft 
^*f t ^2gtCfl}«3n-CI,»-5. Cti*H«:a»*it 

tvu (IP*. ^©jl^f-'^o^^-cHa^ y h^ea 

Sto-C. ±Gi©*f t A.©^l!&£^c#tft{ig1)iiES£3< 

(01291 c ct, m2mfcmft£vm^tc>) 3 ^ 

iso r . *-^>h ©^Tc-c-mtH $ ti ■sai^*©*ijisfi 

c©ti^. (ZMPOftit= ; e-^> h/^JS^SiS 
^) X'$>Z>frt>. 'JSj^B. ZMPlIfig*e.Z 
M P #£t «1S©^^ * -e©^g|^^ x SK&^utfifcfr© 

c. B«ZMPflflt*»6ZMP»«5Illfi«l«©*Hl*-C 

©^ts{ci-,r. *-y> h©^7c-c»ai3n^^fps 
m«. ¥«6*tf -mww3a$»!©iH«z m p#^Bj#g 

^«*^tt»©-C. Hp^"^ YtttftmtfJikftSLZ: 

d. *Ufflinjccj:-,r*«)<=.n-sMi^a?r— bzmp&s 
©-rtuc^&u cn{ca«zMP{4g^6ZMP#a 

e. HlfFS^PDWIiKcfc-o-C^e.nSJS^. PRR 
^6**64lS^S«C©^*Ufl ; S:flnx. ^g?:Wlx. 
^ y > f > mmZftr) D J&#«c tJSUKg^fln^. ^# 

ffi. *sm*-?-©jl©^ffi 

f. ^JS^*-^> HMact *5PEWffl ; S:®X.Jfe(,>1i 
fC. Mact t,cjfcCXfflmmm$££ft%') 3 y^K. g| 
J5RS7J«lff*-^> hMactconm *ii"r*ffi 

g. Mact ^rewfit^Sx-fc^. mZ-tcftlC, 
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h. 5*D KDJ5RS*ltS l iaA 1 6Hn^ y r ©ZMP 

lag***. cn*«zMPff?s^jftg{!UD(*a^^^ic* 

[0130] J8CC, #ffi£t&2 4<Dj£,<D®l,cmffilCttffl 

[0 13 1] 
[#24] 

Mactcomra a • Merrdmd-f Mmd I dmd 

Mradl - (a - 1 ) • Merrdmd-f Mrad I dmd 10 

[0132] JSiS»W*Kli6G-C»Er*#*6fe 
#;te>*lS. Ha** r-©J*K2j»ft«Mactc 

omm tC«. H(«t(i^fl]a)S*$)J©fiMerrchid<t*f ; ;U 
«* (feSl^S^JkhttttK) W»S^WW«Mmcnd 

^xhtf, ') s ? *%j6>w«c< r fcHatf b<oms.t) 
«fMtt/h3<ffii*.6*lS©-C. «tttett«<tt*. 20 
[ 0 1 3 3 ] S fc. ^2ilSfiW-C«7 ^ - K/< » ^flijt? 

[013411K. mi XttM*>6fllBXltM-Cjfi^A: 

«SKo(,»r©Ba**ia-r*i, a*. 

&&©£ LXfflx.lZ. ¥-ffilfefctT&Cfcl,>rW:ZMP©T? 

&zMP<Dtf&-*jf&mmv*><>) . *©ttnczMPs«*t 

£/B(,>T»>7J^W{C:£&eft&ZMP#. ZMPSM 

(tfpffl-r y> ncRi-r.&Bfr*#itr«>A 

3a**S«t*ac«:ific»©-c. smhrt^tt. Sir© 
^©sa&ij^cfpffl-r •sms^*-^ > h tmmta 

[o 1 3 5 ] $fc. afj^^^^rti. a^js*©s 

WJfcJSTJ©^^*. ZMPBifigKt-y 
>hMmdl JJiHStSCfCfeS. iC5T, ^t^W© 
JS¥ftg • ^i±(*©«^i*^l?Sa5A^-^^6*a 
Tt>S©r-. K-W*/c«3 6 g&K©Hi£Wc{fcSntf'-;; 
hr«. ±ft©3fi»4«STn«. ^B8g5©^{4*5^5£ 50 
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^t'©KI5©^{4. jig, floagft<!:#7'***x-* 

©^^e^feo>«{c. fr-ommmnti&mcrj: 

sciteBHT&s©?, ^sc«i2(c±»©eg?r-^ 

h>ffi^i-©iRmftccj:o, a«flss*©»ff:*j«a-r 
z.k&<D&mzmm?z. ft. sii?©iSiit4£s?ji-f 

[0136] *fc. WSP^WJCteMact < UT 

wi«fB**s < ofc 0 . ^Jkhfc&BwaiBJtt £©y 

[0137] ^tf©Si^@W{cj:-or. §gf&£ 

"5 r n«> HO * v h ©SlfP* - ^ > h M actcoram 
£<&oT> Ha^v h©ZMP{4g^ZMP#ffipfte 

««©**f*isccaF-9r < s©r > sje^tstf** < * 
7^-^^X*<«*iE3tiS©-C. #tftagf»as*s< 

*fc#ff©i§^aw(cj;o-c. mvtwKommk 

[0138]^. JilSO/cfrU ^CiL/^eHSfiPlKfct^ 

iAlttSo. )*©0tt*5@tft]-c. )*©[HO{cj:5i1- 

^si]ffl)*tf < r -e©is^r- 
t c©^Bfl©^*^t5nsiR-c«j&^ 0 
[0139] MJC. ±ie(c te^r 2 S.mr<Dm^ma 

©r-« Aj: < , c ©^bj« 3 S«±©W^K) d<K? He 
[0140] 

[sin©***] i-KiiiiKftota. 
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;U£d>&< it \r>ffi-LZ*7)\,mm<DMiZfe®iV# 
< i tSirfB^T^UC:? j - K' < 5. 9L~C*-F)UDmtb& 

[0141] «>}cS2]icc:*- J r«. Maw*©**** 
£4>& < i 1 2 o«x S^Jl/ilt^OWs^SbP*" » 

h ©«**& £<DVn&n<D®mRv/xtem&*7)m 
<omv££<oim&om&Kfactc®kVm.*'pts:< t t 

tt 0 . Ju©3WPiWfi!S&w* (S;oT, Ha tf" ? f- 
C0142] f**S3ii(c&or{i. iW^i*^©^^ 

h © jfifWKEf b*llffll*«t7 * -> r . H? IB* fJbi^a^ 

iUo*lb*lSEiEr**K:*fiSUfc©-c. fi#w urea 30 
^fc^Mltc flux . * ^©jfiffcDjttti *£> Sffigtsflffll 

[0143] fi*]14 JKc£>-?Ttt. iffl8P*f&©*7*.rt> 

Ha*? h©M#®^tct£;t;-CHtfiB*7 :: ;UK-^x.-5>^Jg 

*£ic frie * ;u ©£g * jgiE o r m ta<a s MS £ »R« 3 

fi»W«c»sc£**c*s. 40 
[0144] s**^5«fc*or«, Maw*©*?** 

it 1 r>ffiZZ*r>immi<DmjK.&9bzi*v 

m i ara^fcjwtj:»)i««!uc»sc i#-cs*si 

&. 50 
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[0145] immemtic&^T:^ nec^nci^? h 

•rz>'j>ts;< it 1 -3©«nMMj*** B Jk g^^isi 

•^x.> ^nccior^DMSi&s!)^*^©^^)^ 
DTB?iB»se^if^igiELfct©*miiBa^^i or 

mfiBHa *K v h©Hg^{££iIt£3tt£^©£<Ix.Sfi£ 

cc«sSLfc©r. i Jirj$^fc$*s&cjra*r. si 

f 5 i * t ^©^*5®^ t©ra o •*>. 
[0 146] i«^7^c*>o-c«. wmmbnXv h 
©*»3f^biWffl«6««:fc(,»r. Ha*;, h©^*^ 

iW#§a»6©*MWSffl&#£. l*K*SHtt#©l«0B£«tK 

-r&'pt£< it i rxomnwj^f^. Ha*? h© 
> ^tftiSSrii-r&H^*^!/. Hrrie^fsi^^f-'juiii 

< ^"SflifcgrfBmibKi^^^KcmjK^i&sn 

r miia*<|l*S4B5IB^H^* 7=^±vmJE U . 
*f t ii/©HffiSEt4*a«il/-C«rg^t|nji«y h©^BI5^ 

6 ft^^SfcJBit . * i ©t^4 J; ^ /h s < -r 

SCi^rfr-S. 

[0 147] S»*^8J«{C*r>-C« t ^«C< it**© 

g^=c i©^/ ■! 5 jt - ^ 4 i^iE i/ r bmIb* ^u©^4 
3cJ£tcffo«K:flhSLfc©r. ^Hy*-c©l»*^-cai-< 

fcs»*«ca*r. -»iBS{c*^i/©s6»*3c5eK:iaa 

[0 1 4 8 ] tt5tc«9f(c*-5r«, 4>fc< itKPrfcfc 

Lfc©r. w^Ji8^-cai-<fcii3ia©^)m4ff sci 

[0149] W*^ 1 03S«C*-5-C«. SHfeftg&i"© 
[0ffi©@f#%isaj] 

[a i ] a i «*mnaA^ccgmi,/cZMP*)jffli4* 

[02] 0 lK7n-r#J®«CfcC>T*ZMP#@&ZMP 

(^^UTto^ia^^ti-szMP) *^rn/cR®4^-r 

[03] C<D9fflK%Zm&»1bn#y h<D&m&&it 

[04] caxmvnm <««) *»iwrst©r*o 
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[05] 04(C^l,fcfc©<!:C©#feBj§©lj!ai (#©) 
[06] 05tc^-f 7P;/ 4>0£^?f5l,fc4>©=&|ffiBgitt 

[07] c©*wc«swa»ttn#* h©s8»£5Eft 
[08] S7(C^tW3-, h©^a5.j7Bir*4. 

[09] c©»w©»isa»w©»fp*wr^o^i»ia io 
[010] m i S6ttw©ttfE*in-ry -r > • ;u-f > - 

[01 1 ] 01 07D- • ft- h©<5^©^SIfit*j 
J;O f *iJW©-9-7'^-5 1 > •70--ft-f--cS,5. 

[il2] il07O-'ft- h©-5^©3>7"5W 

y>xf|Hj®©iJ-:/.iu-f > ^n-^t- h-e*s„ 
[013] c©»W©*2 WtW©»f¥*jnr^n ? * 
It*!,. 

[014] ^2 ^JSFflr-i^ffl-r § u s » **» «te«3«» 20 
[015] m2mMm<Dmr?*jjk?s j> ■ ■ 

[0 1 6 ] 0 1 5 7 P- • ft- h©tf©^ffl#*JJ: 
tMiH©©-?- 7;u-f > • 7 a- • f t- h-e#>&„ 

[il 7] §1 ft- h©l(l©3>77-/7 

>xts£U i i&m : £J£.itmW<DV7 , >i>--?-> ■ 7P- ■ f 
t- ht*6, 

[018] c:©im©«33akM©ttf^«m-r^a » 9 
0r-£>&„ 30 

[019] $ 3 mmmcDMrfiztn-rx 4 > • ji—f > • 

[02O]0197P-- f t - f-©4>©£»SSfMsJ: 
Vfflffl<D-V~7)l>-*i' ■ 7P- ■ f t-f-r&-2>„ 

[02 1 ] 01 9 7P - • ft- h©"£©=J>7'7-<'T 
>Xfc<fctf^£5t{t*iBJ©-*7*;l/-f > -7n--f 

[02 2] C©»W©»4«fc«©»(¥*^-r^Ov* 
0-C&£„ * 
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30 

* [023] m 4 mmrnvMrtZTn-? * • 

5B- • ft- h-C*£. 

[02 4] 02 37a- • ft- h©tp©g5f&SSBt*iJ: 

o*$i]aj©^^ju-f > • ^a- • f t - 

[0 25] 02 3?P- • ft - h©tt>©3>7'-3'-('T 
[02 6] C©|feBJ©05HlteCT©SijfP ; &^t-7'D ^^ 

0T-&S,, 

[027] ms^MmcoMitzmTst 41/ ■ >i>-?-> • 

70- • f t- h 

[02 8 ] 02 77D- • f t- h©«P©SS»SfMSJ: 
0*S)J®©-^7'JU-f > • 7P- • f t- hr**. 
[029] 02 7 7P- • ft - h©cp©3>7 , ^-rr 
>XfcJ;0'^^ib$IJ®©-^7';U-f > • 7D- • f 
t- h"?**. 

[03 0] C©|6B3(Dm6||j5fip>l©Si)( J P ; lr^-r7D y 9 
[03 1 ] »6Hffit«I©«|f^7S-r^^> • JU-f > • 

7a- • f t- K-C'£>& 0 

[03 2 ] 03 17a- • f t- h©*©g?fl?JISte«fc 
0*3HJ$P©-!f7\>l<-f > • 7P- • f t- hr*-5>„ 
[033]03 17P--ft - h©tf©3>77-C7 

>xteJ:c>*^^^b$iJffll©-5'-7';i'-f > • 7P- • f 
t- h-e&s,, 
[##©I&bjj] 

1 MB&gtt P * y h (2 S^ff P 
» h) 

2 HSU y > 2> 
10R, 10L M3l@teffl©Mflf 
12R, 12L Jg2P©P-^(fi]©M® 
1 4 R , 1 4 L KS[5© t * f 7J(Sl©TO 
1 6 R, 1 6 L J*SB©£ v f #fa©M«5 

1 8 R . 1 8 L SlTSP© f f f ©M®5 

2 OR. 2 0L JSmgf5©P-J^rSJ©Mg5 
2 2R. 2 2L JS¥ 
2 4 ±& 

2 6 Mia- * h 

3 6 6ffcfj-fe>1>- 
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